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Abstract: 

A ferroelectric memory device using a plate line as a lower electrode of a ferroelectric 
capacitor and a method of manufacturing the same are provided. In the ferroelectric memory 
device, a lower electrode acting as a plate line extends in parallel to a word line adjoining a pair 
of source regions. A ferroelectric layer and an upper electrode are formed on the lower 
electrode, thereby forming a pair of ferroelectric capacitor. The upper electrode is electrically 
connected to one of the pair of source regions. A bit line is electrically connected to the drain 
region and extends in a direction perpendicular to the word line. In the method, a gate electrode 
and a lower electrode of a capacitor are simultaneously formed. A first interlayer insulation 
layer having an opening exposing only the top surface of the lower electrode is formed on a 
semiconductor substrate having a transistor, and a ferroelectric layer is formed in the opening. 
An upper electrode is formed on the ferroelectric layer, thereby forming a ferroelectric capacitor. 
After fonning the first interlayer insulation layer, a barrier layer is formed on the sidewall of the 
first interlayer insulation layer in the opening formed in the first interlayer insulation layer before 
forming the ferroelectric layer. 
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9\ HH A] Ei 2^2£ 0|g£l = US 2 all DHHS SXI ^ 3 X1l£ ^gCHI £hSKH JHAItlQ 



?1 MAI Ell 72*HIh £91 #71 £]- £TBJ S^S SH-HHI £*L H|E e^0| #71 

ESiei S^CHl 27I3£^ #7! S1E *jmo^ ^S^J HI 2 ^gtHIAI^ >fl01^ 

2^ S! EH Al El S\ 5^ §A!CHI ^XI^EIM fiTE*|| 7|&#CH! #71 2^°l #9 

°m h:gA!7l = 7W^7[ mS** All 1 #21 *jg£^ = , #71 7H7¥ LH 011/2^2 fll^m ^tlQ. #71 2>^£! 

°|0HI #^ 3^1 ^SsfO) S^2*fl 9\M A|EiM ^gtiO. #71 XI1 1 #ZJ" §3^11 ^ #71 ^^M^M 



Sf2 



l 



^&?] 23 

£ l£ >J 9\ EK A| El £| SS^S ^£3*11^1 AffS^ 2* J 3£] FRAM2J CH^ sl££0|Q. 

a 2^ B CUM 2>S23I D1I2EI Sx|2J M CHaiOl 2^21 = £T°1 EAI^ aiOIO^SOIQ. 

£ 3 LH7U E 12= B IfSH] ^ £A|D«Oil [UEr £ 2CHI EAl£| BIOIO^IM COS OUSEI &X|SJ t\{_m Mm M 
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s o^SII D1ISEI Sxl 5! 3 M 5 ^CHI ^5| B?| ^ AH3I51 ^tWI &S3SII 

MSai §x| (Ferroelectric Memory Device) S! 3 105 ^ 30113. 

SIB ^ 71^2] 2|*K)| ArgSr^ M?IBrg OilEEl SxICHI CHtJ 3 7 71- IM^HXIIZ SO. S 

S3 XII QlieSi £>°E 7^ ^(Spontaneous Polarization Phenomenon )M 0\mt[~ 31.2.3. M, EPR0M 

&~ EEPROMOfl dloKJI a?|(read)/^?l (write) §^0| BHr€ S§S 7rXI3 2!Q. 

DRAMCHI ® 9\MA\E\^\ ^S&ftl^W Afg^B, E|£ai£l ^01 Al DRAM2J 3 

^ S = ^tEM * f £ k A[|J ^ 2JQ. 0121*1 (HI 2 E| RAMHF ^01 2£) E£f(s ingle power 

supply voltage)H£ §^ Si ^tS^ ^ ^3^1 RAM(f erroelectr ic RAM; FRAM)OIEr ME|£ 

D. 

FRAM= &£| g(unit ce!l)£J ^£ fi±0fl [Q/EI- = ? r A1£ M^"s 4= SJCr. 3 §m= B£| ^01 ^°2i|^t Tfl 
0 |E |2^o £ Argo^ SH32J E2HX|^E15 3013, OB orU^ ^01 tlL[2) ?\M\± ^ ^ 

^M°\m A^Mol-^ 5HJ2J 1 ?iSHA|E1£ ^^^! 2101 QK CH^IAI, 3Ar^(the former) FRAM^ XH^ S^°J 

^'E|^ n0\^. ^3^1^ MO|2i 7113011 £E|£ ?IE^h 6^ £J7:r7^ *!%olO\ ^E|^ ^a^OI 

^1^ °M^2[, ^'El^ ?I5 S! AhOl^J ^Xr^4=( latt ice constant) ^01 ^iS^TII^ XhOIOil 
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21^01 ^m^i 2 ^(high-quality ferroelectric t i ln»m IN 3^ £ XII §01 SiQ. tU-E^Ai , £15011 

3?A>5| FRAM, ^ DRAM =?Zm ^AI^Ai m ?1fi||A|E1*l £2^^ &S3*|^! AhgSh^ FRAMCHI CHtt 

£ is i ?i5HAIE1°J Ahgm= 2^3°! FRAM*I B2I ^Wl CH*l.s7t il^^OIQ. £ I Oil £AI 

*]■ s!S ^ S0I1 ?atHA1. NMOS e?HX|^E1(T)2| TilOl^ 23(G)£ SIE ^2J(l'J)fHI 3^9H, = S3(D)£ HIE aoi 
(B)CHI 3^(3)^ USSfll 5H2HAIE1(C)2J £]■ S^Ofl S^SQ. 2^*11 ^HHvMEUOSJ 2^ 131 

01 e &e>(P)Oil S^^ia. 

iTOI ^S£! gEH^l FRAM ?iHHA|Ei^ 2^011 £J\ ^£^1 #2 S^M 3^A|?| = HH2 

# Slt»" e E ^# S #y|0|^ Ef°J ^ E ^## ^SorOjOt till, 3011 [[fBh ^IH^t 

SSjOl [&3 R^EIOi ±XW 233SHHI gEIShCK £E*h SJE Er°J , HIE E(-°J S tfllOlE &o\ = ^ 2^011 



^#0/ OJ^J2J? of tr Jf^z? XJS 

£ ^S^J HS^^i FRAM# e^tl" £gCH! 2\t[0\ ^ ^2^1 OllfiEl S^I^J *1l£ ^Si Ail 



#71 iT«PI £ ITS OH ^2^1 Qliaei ttESII ?IB£HHI i§^J 3&£l = ^-s s 

s^wr^ tLi- ^ ±± s^oi ^ ^ s s d . maoiE §^ 2^01 g?\ ti ^ s^wi ^ 

£J\ E&ll°i S^tHi S^l^SS £?\ ?JE ^liSg^ 

mm ^ 9\MM£i?i tl^L ^Al (HI ^S^Q. ^1 >||0IE 2^ S S=2J ^^CHI ^ ^2^1 ^IHIOI 

AH ^St^Q. &^l ?II0|E ot^^ s« °> Eai°] ESHXI^Em ^^tlQK 4^1 E 

?HAIiEi# ittfh^ ^£^1 ?ie^(HI ^1 2^ ^eii bc^A|?|^ ?H7¥?h ^^£1 M 1 #^ 

QK 4^1 LH0II i^^EK ^1 ^2^1^ ^ICHI ^ 2 = M ^^ehCM ^2^1 3H IH AlEiM ^2*1 

D. 

fe^i i^smi^i ^s^^i ^i^hcn ^?i flu ^15!- ^3 ^sem> ^ 

7i ^2 m^o\ #?\ ;h7^ lhch!^ ^i ^2 ii'^t ^1 #^ ^^i ^0121- ai 

^1 ahi 1 msti m ^zmw^m soil ^i *in #^ ^^^chi 7H^^ lhchiai 
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CK #71 M2 S All 12^t OHEiy^KH #71 #^ 2^ #3# in#A|?l = XfM HHd ^ E -^, 

#71 ±± ge*l ej« in^A|7|£ XII 2 HH2 £^1- S #71 E3I3 Jr^A|?|£ d|E ^eh^I ^#^0. # 

71 X1M HH2 S HI 2 UH^ ^« #71 #¥ S^t e^l^g 31AI?I^ HH2§2K #71 

tJi^ ^eh^i s^jcN #71 saiei s^tui 3^£in #7i jiioie 2^ 5jnm^ 3#£ie ui^ a3# ^aichi 

EEtj - , #71 o# irg^7i £iti ^ lie 4'ai chichi ^zmv tHiaei #xi^j ^chiai^ ^e*o 

7|^#tHI 3^ S ?1iiHA|E1^ #A|CHI ^^^ILK #71 ?f|0|E 2 = ^¥ s^tHI W ^3 

°| ^lOIAil ^#^D. #71 71101^ °^CHf ^ ±± Sj E£il3 S^M ^SoKH M^XI^EIt ^#*CK 

#71 eayXI^Em 3t£m^ ^Exfl 7ie#01l #71 2^ #33# kgA|3| = ?H^?^7^ ^#£i XIII #^ 13^ k l 
^gtlCK #71 Jill m21 ^3°tM Sitfl™ StE.^I 715^ 23 Oil Ml^t ^#tlD. #7| e§!^ ^1 Oil # 

^ 2^ t^#g £2=1 ^#^Ch #71 #^ 3^ E2e^ ^2 ^AlOil SHEIKH #71 ^ 

VI CHI n$\^. ^X^tW^lt #^ ^'£t±SL^.W 9\MME\m ^#^Q. 

QstHI, & ^«oj H ^*!*i- iJAIOIICHI CH^KCH iJ^ £31 s^SKJI #A1I*I ^S^D. 

^ 2~ B i^LHI f[>e QilSBI g*|2J *J CM 01 S^Ej ^ *^ £T2| Ml EAItl EIIOIO^EOIQ. 0171 

AL = 1/3 CHI ECf# DUES! g,t|^ ^ CH&IOI = E 2011 EA|=! *!" #2] ^01 CH^q^ ^EH^ Sh^o^ 

«H^£ICH OI^CHSCK 

E 2M &£oh9, ^ ^S(H1 [CJ-^ ?>^2i1l DilSa Sx|2J ^ 1^ 715.^ ^ ^ CHI bl^# S^£J 

iAh gdl^B ^S^S^ bKbar) ^EH^ &# S^(A)HK #71 &# S^(A)M 7^AI^3A1 Ol^tlCH 

mmm hh xi =j *h ^ ae!cio5)2K #71 ^ ^eu ^ie ^i-ej c ios)chi ^Joh s^h^j ## s^'e t.^ ^ ^ 

E Ehei(105) AI-0I2J &# g^CHI Eai°i S^2K #71 Eai°J S^Hh Ql^ &# '3^ CHI ^#^1 ^ i^; 

2^1 it^CK 017IA1, #71 £]E a°i(105)^ >H0| ^ 2^ <3%>m #71 Eai°" ±± M 

E°S£IQ. 

?1l^oHAi, E ^SCHI [0# CHI E El Sxl'dj ^ #7t S«2|- ois*h H|^-# S^#(HIAi # 

71 ^# S^(A)2J 3^ SjiHt^ ^ #71 ?JE Et<d}(]QS)Hl gtS^ W* F ^S 3S&ICH ^ ^ 

^ a^(118)2K #71 §^ 2^(118)2] #CHI ^#=! ^ ^£2x11 "^(130 JUL #7 1 2,^2^1^ 

(130)Hh S^hCH #71 ^°£i£||°t(l30)! ^ ^ #^ 2^(140)SK #71 #^ 3^(140)^ i§ S^#CHI 
t.H M\ (160) ^' #71 ±± S^2J S^#CHI ^#^! ^ ^Hj Ail2 tJH^ ^^(162)1 #MCH #71 #^ 

3^(140)2h #71 S^(A)2J ^ 2^A|7|^ ^ HH^#(180)1 EtltlD. CH7IA1, #71 ol-^ 2 

^(118)s M&UOIM a°J ^m v l ^Q. 

EtJ", £ WSCH1 [0^ ^SS^I [HIS a #j|2} ti- cai°j g^2J g^#CHl ^#£! tJI^ e E ^(164)2t 

, #71 U|E 3eh(I64)| SESA1 #71 ?JE a°'(105)Sh ^jJHt^ ^t>^^ HHx|=J a°J( 190)1 Et^Q. 

E 3 LHXI E 12^ s «^2J ^ ^! AIM (HI [[>a E 2CHI EAIt^ aiOIOh^CHI [Q^ ^^2)^1 IMS SI #xl^J SH-hSJ MM M 

^ohe ^Soh7i B9E#0|Q. 

E 31 4Af ^£11 ^3°|(101)CHI ^ til^# S^OI ^Efll 7I^(100)#(HI ?il01 

M ^3^(102)1 ^2SH3, 3 ^1 CHI XIII E2#O03) %l l\\2 E2#(104)l ^B||S ^#^W TilOl^ 2^ S 3HuHAIE1^ 
2^ ^#1 ?|^ 2^ £#§• E2e# ^#^D. #71 Xill E3#(103)^ 01l# 13 ^^^01 ES^J #a ^Bl^ 
^^12, #71 M2 E2#(I04)^ 0111 13 H ^^(Pt), OiaM(lr), =E11h(Ru), ^ &ls(Rea) %! 

Mt[ ^Eils(Ru(l)^5 OI^CHAI^ 5CHIA1 2 E -^I^ ^CHE ^ °!Q. 

E 4# ^iol-B #71 XIII E2 = (103) %! M2 E2#(104)^S OI^CHTvl^ S ^101^ 12^(i02)# nHEiythOt 

#71 y^jil 71^(100)^ ^# S^#CKI^ TilOie 2^(105), ^ SIE a3t ^#^H1, Hl## S^#0il~ #71 ?1IO|M 
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3^(105)2h %mm 3&£lzr ?iuHA|Ei£| 2^(108)1 ^#*Ch #71 £1^(I08)S IfllOlM ehe.i£S A>g 

£ si sssra, #71 TiioiE 3=(io5) s s^(io8)2j ^oii cmi 13 ssp^s oi =cm?3= se^ ^ihioiai 

(106, 109)1 tigSKQ, #71 7II0IM 2^(105)2J if^Oil ^ N§£| 23(112) S E3I3 23(114)1 
#71 ^SESII 7I£K100)#CHI eeht;i^e1M 

E 61 ^^3, #71 M^A^EI S 2^(108)01 23CHI CHI M #3 BPSG(boro-phospho-si I icate 

glftss)^ OI^CHXl^ £h£h°tl ^S!H!, #71 2^(108)2] #331 h:MAI7l^ 7H^7h t^tlE^ #71 
1 EH Ely §(-01 #^ ^3^(120)1 ^2^D. 

E 71 #71 XHM sZJ ^3^1(120)01 23011 STtf ^A|g ^3#(125)1 t^^Q. #71 ^3S 

(125)£ ^ SgCNIAi £>^2SI|5[EJ ^3 l^(f erroelectric dielelctric material)^ #71 HI 1 12 

ski 20m ^^o^ ii amdiouai #£ nt+m 4= ?i= #^#i ssspi a^Ai, tun Ai ? a e= 

Tiai AhgSKM ^S^CK 

E 81 SSShS, #71 Sa = (l25)# RIE(Reactive Ion Etching) ^g(HI 2JSKM *!3ttKM #71 ?H^¥ 7<13(HIA| #71 t\ 
¥ 2^(108)21 #31 kSA17l^r frAICHI #71 M \ ^ 13^(120)2J CHI ^IHIOlAi ^EH2] #^#(12U)# tJg^Q 
. #71 £^#(128)1 S§, ^ E 7 S £ 3^J £§e 3^011 HEM £3^f 7H^Q. 

E 91 S^ohB , #71 LHCHI ^2 Isl *H £1 A1 i^2 7^(1 30)1 **£&Lt. ItmSLZ £3m3, #71 ^ 

m 23011 PZT(PbZrJI.,Q,), PLZT(La£ El£! PZT) E^ VI ^£2 11/1 Ai-gmOl g-SS (sol-gel process), ^fflEi 

e^ cvd ^gwi ^ra ^S2 m^i t^m, #7i am =zj- §3^020)21 #321 ^012* ^im ai*mxi 

at7| 011x1*1 c£^ CMPCChemical Mechanical Pol ishing)CHl 2^01 XOoKH #71 JH^l xH^ = £^2*il^ 

(130)1 *^*mh 

E 101 §,^3, #71 ^£2*II^(130)#CHI 4^ 2^(140)1 ^StlCK £R(140)^ ^m\7\ r ^\tm, £J\ 

^2^1^(130)01 3 3 CHI Mis 13 ^s(Pt).. Oia^(lr), ^EHh(Ru), g^^C,'. 1 ), ^ OIB|^(lr,QO, 

Lm ais(Red) ^ ^ ^Eils(Rua)^S OI^CHAI- ^CHIAI ^CHE DH^J 11'^ OI^CHAI^ E2#l 

£?\ £2#0| ^1 ^2^1^(130) £|(H!3 ^Ei SKEiy^Q. 

E 9 SI E 101 ^itha £<*fy ^AlOlltHiAi^ £J\ ^° 2*H5|( 130) ^' ^ 5)^(140)1 iSS ^S^^ £3 
o^SLK B 01011 t.^EIA| S^=Q. ^1 ^^^l^ 130) S ^ 2^(140)1 ^^5^1 ?|^ QE ^SS^AI 

WW 13. 37^ ^71 &^#(128)0| ^<g±\ 23011 ?>^2 1^, Wll 13 PZT, PLZT E^ VI 1^1 # 

-IS CHI 3tKH OfCHAI, ^71 ^2 11^1 ?|01] ^ 2^ «S§ E2#, 0111 13 m^(Pt), 0|2| 

M(1r), ^Etls(Ru), g^HKlW), ^ 0|E|#(lrA), i+Sf aiH(Rea) 3! tm ^lH(Rua)^^ OI^CHXI^ 301IA1 2™ 
^CHE UH^J 11'^ 01 = 01X1^ E2S! ^St^Q. 3 °, 4^1 ^ 2^ E2=2h ^2 in*!! ^A| 

Oil EIlEiaSKJI 4^1 2^(108) ^1 Oil jtas i>^2^l^(130)])h ^ 2^(140)1 ^^t^Q. OISMI, 4^1 t[ 

¥ 2^(108), ^°2^1^(130) ^ ^ 2 = (140)^s OI^CHAI^ 2,^211 ?1SHA|E11 ^S^D- 

E 111 S^3, ^71 ^ 2^(140)1 ISSe(l45)l ^g^Q. ^71 I3S#(145)^ ^71 ^ 2^(140)1 1 
^£1^ #71 ^2^(130)^ gSfHlAi 13^21 #2 ^ ^71 ^ 21^SA1, Oil 

1 13 Ti^ E^ AI^^S 4: SiQ. 

Zl °, #7! !2H 23CHI ^t^S 01^01X1^ XII 2 #^ 13°l(150)l 0111 13 CVD ^gOil S\tm ^'S^Q. 

E 121 S^h3, #71 ^12 ^3^(150), fill =^ ^3^(120) ^' ^S#(145)l 1£^D^EH| ^ ^ ^ 
g&IJ 2jtH31 £!^H3 ^o 3 ^| ^nHA|E12J 2^(140)21 #31 ^¥ ^.mM9\~ H1 1 t!H2 e E -^^(150A), #71 
S^(112)t 1tmA|7|~ U\2 UH2 = E -^^(150B) ^ #71 E3I3 S^(114)l !x^AI7ie blE = E -^ 
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n&jcm a #71 m^#oii m£wQ\ es*! sa^ei^. s£5 w^dih^ ^ i-ijm © 

^tl = IHEiy*^SAN, #71 Jill HH£j £ E -*!£O50A) LH^J 7c|| 1 =^(160) S #71 HI 2 HH£ = E -^(150B) LH^ J1I2 
HH£ ^(162)1 #uK)l #71 #¥ 2^(140)^ i± S^(112)m 27l^£S 2^A|7I^ HHdS( 180)1 1AI 
[HI , #71 U|E = *!^(I50C) LH^J btE seh(|54)s s^oi a^j e ^o[ S ^(tH)[HI #71 2^(105)^ 

S|51o^ = blE Et-°](190)# ^#*!EK 



#71^ g-OL £ g?3°| Uh^t.^ £ AIM CHI [CfEh JB3£! ^Siil WISE! #*l^ TiUHAlEi^ 2=# 

laiOl^ E^i^S Ajg^D. [CFEKM, 3HHHAia£J £1 = 21- #3101^ E^l 2^A|7|7| ^#11 *'#oh= £ 
§2K MaiOl^ Eh°il m^t\J\ $m ^ HH2e tSW !27h SCK £E£T, WM^ ^2^1 

TUHIAIEI^ a>[5> §A|(HI IH A| Ei #^ 2^ SIEtHI 7|^2j HH-id 

bl^ Ef°J ^AICHI *<#£J££ai *ll£ £201 B=5hEI£ 0|gO| ?iQ. 

£*h ^Ex|| 7I&2J ««1 HH£=m mt[D\ 5HitHAIEiy #^ £^At?IH£, t[¥ 2^01 aIAI^ 

£ CH^^^J ?1iiHA|EiBJ °S <2^S A>§^ 4= SiQ. rC>£h/M , 2^ CHI 91A|?| = S^CHI HimCfl 

?iniA|E12| °S 23^1 gCHAI?IH ii°J £f#Ali] 4 SJ£HS, HS^ S^Sx-ll DliSEI #x1^ MitHI 

a. 

E£N B ^StHl [[IE DA 2 El #X|CH1AI^ #^ ^9°UHI S#£! LH^CHI ^£21 111 iH?-JAi 

ill ^j| a 4i t^^D. TO, gEH^J 3° (HI AM *^#S Sima 2 y -l ^ 3 

^2h= ^ h EI =^0! A'^l SgLHI ?jmQ1 51m ^AIW 4= ^a. 



«l ^ 2^1 ?-JH El-oj Ami^J #5 S^CHI Eyioj 

^ ^ S^CHI ^ °J2SH31 ^71 ?4E Eh°!Hh StSoh^l MdlOlM E^£S ^g^h^ 

#71 S^CHI 37I^^S #71 Ef°J2h ^jnm^ E^ojl 5t^^ 511 ^ 
oh^ IHI2EI Sxl. 

2. fllltWI ^CHAI, #71 E^Sh ill TluHAlEi^ 2)^^ 7^ iiS ^#^i 511 ^ 
§^ ^SS^I M2EI. Sxl. 



6 



3. MWm c ^CHAi. g?\ SIE Ehei 2^ ^ ^£^01 SI!£! #EI£El^g£^ 7££l^ Sill £ 

H ^s, 0IEI&, ^Eile, ©£ E J!, OIEI^.. #21- S ^EltsiiS UI^LHXI^ 2 E -^I^ SJOIS 

1JH3 l^S 7SEI = HI 2 ESsOl #211 £ ^#£1 ti-SS 511 SI™ SSEifl OUSEI Sxl , 

g7t> 4. XllltHHI *!OUi, #71 ^S2*ll^°l ^CHI ^2£IH, £T7| ^2*l|5f£^E1^ *l^l ittim^ g^i 

i □ 51 sgo g s ^ wisei »*|. 

t!7t> 5. JHtMl SiCHAi, #71 AUC^ 51 t\= WIS El §*| . 

g7t»" 6. XIMtHH! 2JCHA1, #71 &°£1*||°|S PZT, PLZT S Vl£^ OI^CHAI^ "EHIAI £ E -^1^ CH^ ShU*! l^S 

7^9^ mg^s ^ ^°s^i qiisei 

3^ 7. Xfl SiCHAi, #7| #^ H -*{5, OIBie, ^LHh, §^ e JJ, 01 Els, #5* 21le S £T5|- ^Ell 

e^S 01^01X1 = 5011 A1 2^9 = 3 CHE 13H21 1!^ 939 = 511 ^S^S m= £^2*11 NISEI ■ 

S^tT 8. SllltfEW SJCHA1, #71 ^ #^ 3=1 #71 £1- ^ S'^S ^hLttHI ^ 2713^S 2^A|7| = ^ 

^ HH2#! Q SttfUL #71 ^ ^ HH2# S #71 dIM Et°"£ §SJ^ 72 51 ^S2:S 

2^2xfl NISEI 

9. *U8*KHI SiCH Ai , #7 1 ti* S^J dIM Eh°]£ § = 101 £IS 1EI£EI = , g^H! 3! I^DIhH 
£ 01^01 301] Ai CHhz MU£| l^S 72 51 ^S^S #S2*il NISEI SSI • 

10. XfMtHKI SJOjAL #71 S-°3^|°^^^ Ei oj ^Ah^ u^l^^l mKM #71 #-^ 2^1 3^ ^S#l □ 
31 m= ^S3xll NISEI g-xl. 

§7^ 11. XfllOtMl ^CHAL #71 SSic TiQ.2|£:^ t d 'S& 51 ^S^S ^^2^1 WIS El &a1 . 

S^tT 12. ^-£^1 ?IE^0il ?1I0|M 2^ S ?11A!E1£J m^- 3^1 ^AICHI ^^^^ 

£J\ 7flO|M 2^ ^ CHJ ^ ^itllOIAil B71I£K 

^71 >U0|E 2=2J ^ S Ea°' S^l ISo^ E?HX|^Eim ^^Sh^ B?1I5L 

^^o^ B?1I2K 

Av^j ?H7^ LH Oil ^^^^ BTtlSL 

m\ ^ s^i m^tm ^m\\ ^mAiai ^^o^ btiii s*^^ 51 ^sa^ §^ 

Oil NISEI §X|2J ^S. 

13. X1I12^EHI ?i01A1, ^71 71101 ^ 2^ ^ 5^ 2^1 
£?\ bh£^| ^leAhQfi ^cq^ k l ^^5^ ET71I2K 
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£71 3^ t J £g ^' '^3211 IBEiySKDI AiS StSs^l 3££l = >||0|M 2^ ^ =A|tHI t^*^ 

E^ii 5* h oh^ i§2g m= ^sesii chisei s-xi^ his ^s. 

g^t* 14. HllotKHI SJCHAL £71 2^ ^£^rr = 

£7| ^'2^ £ICHI M^IOI lE|^'d| = #og nil ^£m^ 

£71 HM £2# SI (HI ™ = , OiEIH, ^EilH, g^Ej, OIEIM, £11 h S OI^CHA"!^ 5CHIA1 2 

g^** 15. HI12*HH] SiOiAi, £7| SIHIOIAI^ ^££1^ §^ -=^3i| CHISEI £ 

*I2J HIS ^g. 

16. hii2*hhi ^chai, £7i ^£o r ^ vn^ 

£7i hm mz* m&^m e!-s*u 7i^ oil m^m w-so^ b?u£k 

£71 sH^OI £71 LHCHIB feTS^ £71 SSS 11^1 £71 HM ^2^2| £32j £OI£h 

am^A"! m^SL^. Sf= CHISEI X1| 5 

g^t* 17. HM6*KH1 SJXHAi . £71 PZT, PLZT ^ VI £S2 0| = CHA| = 2 GUI £ E -i!9 = CH 

^ tfU2| ^3 = 21 M m= CHISEI &j|2J HIS ^ . 

g^*> 18. 316&HHI S1CHA1, £71 ii^ M-^S (sol-gel process), ^ffiEi^g %1 CVD(Chemieal Vapor 

(Deposition) OI^CHAI^ SCHIAI 2^9 = CH^ SH_f2J ^gCHi 2mKM ^££1^ ^S^S ^ 1^231 Oil 

SEI £a"|2J HIS ^S. 

19. HI16*KHI 21CHA1, £71 MH^tt HITI^ CHIxl«1 S CMPfChemicai Mechanical Polishing) 

bH 

20. X1M6t^CHl SJCHAi, 4^7 1 Xil I W 4 k 7l ^3il D 4i ^^^17! a Oil 4 k 7| XII 1 #^ ^ 
3^011 ^S^l ;H^^ LH CHI A1 £71 H1 1 eZj" ^3^BJ CMi Qi itlthe i§£S 

21. H|20^CHI SiCHAI, £71 A I AS OI^OiAl^ 5^ ^2)^1 WIS El Hi 2 m 

bH 
i=i ■ 

22. HH2£KHI SlCHAi, £71 £^ 2^ OlEie, ¥E1Ih, f^^ E J", ^ 0|E|g, ^ ^ 
EHh^S Ol^CHXI— 5CHIA1 ii E -H£|^ ^CH£ PH^J US ^££1^ 2i ^3^1 CHI 2 El ^|2J HIS 

btkbH 
<=» t=i • 

23. HII^CHI SiCHAI, £71 £^ 3^1 ^£o^ ^CHI 

£71 £¥ 2^1 5*^^ SL^^I 71^ 3 3 CHI HI 2 12^1 ^^S^e ^l£K 
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#71 MZ B21 ^3 St S HI1 #2 '^S^M SHEiy^Oj #71 #*- *» = £J #3# k§AI?l£ mi = E -*is. # 
71 £± ^M^\~ M2 HH£ S! #71 E3I*J S3t ^¥ ^#A|3>|^ H|E £«<5a ^= d o^r EMI 

#71 Ml HH2 = E -*1£ a' XII 3 HH2 = E -^St §mOI #71 #^ 2=^ £i 271™* £ 3iA|?|£ HH£!s2K # 

7i uie sEH^g s SH) | #7i s^wi siEii #7i m\m *\mtm ssei^ him Bfot§ § 

Al CHI *im\^ EMIt □ £*m£ 511 ^S£S S-SSSII Oil H El ms. 

24. m 23*/ CHI SJ01AL #71 fl|2 ^#^71 2CHI #71 #^ *w ^Als ?3S#^£ 

B*ll □ ittfKH, #71 Ml 5 E 4§£ #71 X02 #^ 13 D 4 S! ^iii tflffl *|2f*J£3/H «gE|£ 511 us 

m= 2,^*1*11 nisei #xi2j m^ , 

S^*»- 25. HI24*HHI ?10iM, #71 *2IJ#£ TiCL^og ^#EI = ^.E ^§25 *^ SS2*II 01I2EI #x|5j Tai 2£ 

g:?*f 26. X-II23SMI S4CHAI , #71 HH£# Si Eh°]£ g£10| ME|£E|£, §£0! g °^DIh^2 01 

^LHAI^ 50II A1 ^El^ CHii IIS ^#EI^ 3# HS££ Sh£ &^2fll 0U2EI Sx|2J 15 . 

27. 7|&#CHI ?1I0|E 2= °i 7inHA|E12J 2^1 ^AICHI EMIEh 

#71 ,"HI0|e 2^ ^ a^^J ="0|| ^ ^ffllOIAIl ^#*h= BTllEh 

#71 71101^ 3=°J C 3^CHI ^ ±± g°! qi EEII°i S^M t!#m01 M^AI^EiM t*#o|-= BTO, 
#71 M?HAI^Em **Jt\~ w^M 7I5#EHI #71 Sf¥ 2^ #3^g h:SAI7l^ ?H^7h mi 

#7i mi *^n\ 7ie 2bchi ssa b>to, 

#71 ii^ CHI #¥ 2^ ^Si E2ii ENTO, 

#71 #^ 2^ *gg 22#2h ^AICHI IHEiytfOI #71 ul-^ 2^ ?|CH1 ^BIIS 

#^ ^g^2^ 71 1 Al Ei M t*#*K= it,^^ 2!m §^ ^3^1 EHISEI #X|2J 

ms 

g^tJ- 28. m27*HHI SiCHA), #71 >1I0|E 2 = Q| ^#S^ 

#71 7l^#tHI ^#^^ BJ1I2K 

#71 ^lOil 2^ ^#o^ Belief, 

#71 2^ £2§ ^ ^3^1 EHEiy^ra A1S gt«S^I 3#tl^ 71I0IM 3^ ^ 2^1 ^AlCHI ^#u^ 

y^it 51 ^g^^ ^2xii mi #xi2j mi ^s. 

29. m 26^011 SiCHAi, #71 2^ ^#u^ t^l^ 

#71 g^°t ^1 CHI M^MOI M£I^BI^#£S ^?#EI^ mi ESii ^Sol^ B71IEK 



[ <?.! -8- ?J" 1r 1 ( -7 Ml ^ 71] ^- *1 * *ll 1 .1?: ) ] 



All £2= £ICHI ^s, Oldi§, ^Efle. 1^, OI5ie, 3Ih S ^leHS Ol^OiXI^ ^OflAI 2 

30. M27%m\ SiOiAl , #71 ^10|A1 = i*£EI^ ^92^ $1= WIS a S 

31. Xil27*K>1l °J01Ar #71 PZT, PLZT S VI ^3 0|=CHX|^ £^9 = 01 

b mu°j si's 3# ^2^1 mieei s-xisj xiii . 

§W 32. XI! 27^011 SiCHAi, #71 ^2 ii^ #-^Ofl SJsKH ^#E|^ 21 fS^S m-= £>^2*(l M55I 

33. 7il2?*H;HI SJOUI, #71 #^ 2^ ^20 = H -3S, 0|£|g, ^£IIh, ^0!, 0|5Ih, Eil 
SSISJ XII 5 

34. M27%m SiCHA], #71 XII 1 %21 12^1 ^#£! ^ #71 Ml^l **'Soh7| 2011 #71 X1M #^ 
^ 3 ° '-CHI 7H7^ LHLHIAi #7| XiM §3 n 42J ^^LHI ^#m= 2911 # □ ^g^S t\ 
= ^mi\ (HI 251 #a"|2J ^15 . 

g^tJ 35. *H34*KHI 2J01A1, #71 A 1,0^ OI^CHAI^ 2# ^§25 me 2^2*11 NISEI #x|2j *j|5 W 
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130 140 
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